CIRCULATORY DISTURBANCES, ESPECIALLY HIGH BLOOD-PRESSURE.
The rise in the curve is what would be expected, for, in order to maintain the current, more power must be expended in the solution, and this should give a greater heat production; but the subsequent decline makes it clear that two processes are involved in the production of heat with H.F. currents.
As the salt. solution is made more and more dilute, it gradually loses its electrolytic properties, but maintains its dielectric properties, and because of tbis, one process may become more and more important as the solution becomes diluted. We may perhaps picture these two processes in this way.
(1) Linear oscillations of the ions caused by the H.F. impulses.
Taking an average value of 10' cm. for molecular diameters, and 10' for frequency of H.F. and the migration velocity for 10 volts per cm. as 0 02 mm. per sec., the distance travelled per impulse is approximately equal to 108 cm., i.e., a molecular diameter.
(2) Rotational oscillations of the neutral or uncharged molecules by the action of the field on electric doublets, giving rise to displacement currents. Whereas (1) would be dependent on the local potential gradient, (2) would be dependent on local variations of the specific inductive capacity. Some measurements, by Dr. L. H. Clark and myself, have shown that the generation of heat by these diathermy currents depends not only on the amount of energy consumed, but also on the frequency of the oscillations.
A horizontal tube was filled with a 10 per cent. solution of copper sulphate, and the rate of generation of heat in this solution was compared under different experimental conditions. It is hoped to publish the results of these measurements in some detail later, as it is thought that the differences in heat production caused by changes in the frequency of the oscillations are significant in medical work.
The details of one set of experiments may serve here to show the magnitude of the effect. The general way in which big H.F. currents behave in the body is known very largely as a result of the observations of Cumberbatch. We may not, however, infer that a strict parallelism holds for strong and weak currents. In the medical-as contrasted with the surgical-uses, weaker currents are employed; it is, therefore, very important to have more information of the way in which the H.F. currents are distributed throughout the tissues and body fluids. The following observation, largely an accidental one, leads us to conclude that nerve tissue may provide an unusually good conducting path for H.F. currents, though the conclusion needs corroborative evidence.
On one occasion, a weak H.F. current, less than 0 2 ampere, was passed from hand to hand of one of the research members of the laboratory for less than half a minute; she said at once that she felt pins and needles in her right hanid; that evening a large part of the surface of the arm was devoid of sensation. It should be noted here that owing to a cervical rib, a very small area on the inside of the forearm is always numb. The arm was examined by Dr. Peacock who kindly gives me the following information:-" Diathermy current applied between two hands on Tuesday, January 10. That day she noticed numbness over the whole of the inner side of right forearm, especially on taking a hot bath. Thursday, on examination, there were no trophic changes in the right forearm or hand and no obvious difference in temperature between the two hands. Cutaneous sensation was tested and an area of anesthesia on the inner and ventral aspect of the right forearm was mapped out by means of pin pricks. The ana3sthetic patch was bordered by a narrow band of pareasthesia, the whole area corresponding accurately with the cutaneous distribution of the ventral fibres of the internal cutaneous nerve. There was no loss of sensation over the dorsal aspect of the forearm and the areas supplied by the ulnar were unaffected. The signs appear to be those of pressure on the ventral fibres of the internal cutaneous nerve which is probably looped over the tip of the cervical rib."
It seems justifiable to conclude that this effect can only have been produced by such a small current in so short a time if the bulk of it followed the nerve and caused dilatation of the vessels in the nerve itself and so increased the chance of pressure on it: a warning to the enthusiast that people subject to circulatory disturbances should not be experimented upon with diathermy currents. Two other people had exactly the same current for a much longer time and experienced hardly any sensation of warmth.
One matter I would like to mention is the necessity for voltage measurements in medical work with H.F. currents. The current which can safely be given depends on the applied voltage and the resonance conditions are doubtless very different in the various types of machines used. This means that a greater current can be tolerated from some machines than from others, so that a useful comparison between the power expended in the body in one case and another can only be made by measurements of voltage and current.
Dr. T. F. COTTON.
The value of diathermy in the treatment of cardio-vascular disorders depends upon the reaction of the blood-vessels of the body to heat. There is, I think, general agreement among electro-therapeutists that diathermy has no other special effect than the production of heat in the deep tissues of the body. We have in our possession-thanks to the recent investigations of Lewis and his co-workers-a series of accurately recorded observations on the response of the blood-vessels of the skin to stimulation from heat, which should prove of value in explaining the mechanism of the vascular response of the blood-vessels in the deeper tissues to thermal stimuli.
Lewis has advanced the view that the reaction of active dilatation of the arterioles, capillaries and venules to changes of temperature is a dual one; th'e direct influence of heat lessens the tone of the walls of these small blood-vessels, and a second indirect and predominating influence increases the concentration of vasodilator substances in the tissue spaces. This reactive hyperamia, with its increased blood-flow is, as he states, a mechanism of fine adjustment governing the nutrition of the body tissues. Now the importance of this physiological conception of the regulation of blood-flow lies in the fact that these metabolites, which resemble histamine in their action, have a sustained effect, and are a normal constituent of the body.
When we come to apply this knowledge of the vascular reaction of the cutaneous vessels to a study of the effect of heat on the deep vessels of the body, we see that probably the small vessels in other parts of the body than the skin, react in a similar fashion. If this is the case, then the therapeutic value of diathermy in cardiovascular disorders is related to these physiological facts. It follows from this explanation of the mechanism regulating the blood-flow, that when constrictor influences alter the peripheral circulation and cause pathological changes in the tissues, the release of this histamine-like body into the tissue-spaces causes the blood-vessels to dilate, the normal circulation is restored, and the tissues receive a better supply of blood. A reflex of central origin, by lessening the tone of the blood-vessels, also plays an important r6le in increasing the blood-flow to the tissues. Such a distlirbance in the circulation we have in intermittent claudication. Theoretically, diathermy should be a valuable remedial agent in this condition. I have seen cases react favourably to this form of treatment; others have proved refractory, and have failed to show any improvement in their symptoms.
In acrocyanosis-another condition in which vaso-constrictor influences predominate-diathermy fails to relieve more than temporarily the venous stasis. Treatment spread over a few weeks is not sufficient to control the vasomotor influences which may be of central origin in these patients.
I approach with hesitation the subject of high blood-pressure and its treatment by diathermy. How much do we really know about this malady ? Is there any common ground from which we can lay down laws governing its treatment ? I believe, from the point of view of treatment, that we can divide patients with hypertension into two groups: (1) those with symptoms definitely related to the raised blood-pressure, and (2) those with symptoms due to other causes.
In the first group are many who feel more comfortable, and have fewer symptoms, when the systolic blood-pressure has been lowered 20 mm. or more. Some of these have obvious signs of arterial disease; in others, signs of structural damage cannot be recognized clinically. Diathermy lowers the blood-pressure in these patients and they are definitely benefited by this form of treatment.
In the second group, with symptoms due to other causes than high blood-pressure, are those with renal changes predominating, and with symptoms of renal insufficiency. A form of treatment which has as its main object the lowering of blood-pressure, is not rational for these patients, since it may lessen the functional efficiency of the kidneys. Diathermy fails to improve their condition. In the same group are patients with symptoms of myocardial exhaustion due to auricular fibrillation. When digitalis is given, there is a slowing of the ventricular rate which effects a change in the blood-pressure level. Diathermy is not likely to benefit these patients either.
Diathermy is a valuable therapeutic agent in the treatment of angina pectoris. I look upon angina as a symptom of myocardial exhaustion, and as often associated with disease of the coronary arteries. In patients with anginal pain and high bloodpressure, when the blood-pressure has been reduced to a normal level, it is probable that less work is required of the heart, and in consequence the circulation is more easily maintained. The improvement in the condition of some of these patients may be due to other causes than a simple lowering of blood-pressure by diathermy; the essential factor may be the increased blood-supply to the heart muscle through the coronary arteries from reactive hypersemia caused by the raised temperature of the tissues. Here we have an explanation of the improvement which follows treatment of this kind in patients whose blood-pressure is within normal limits. When the blood-vessels from disease are refractory to heat, the blood-flow in the coronary vessels is not quickened by diathermy, and the pain persists unaffected by this form of treatment. A functional nutritional disturbance of toxic origin, a frequent cause of pain in secondary angina, is the most satisfactory type to treat by diathermy.
Dr. JUSTINA WILSON.
Constitutional Arterial Hyperamia. Modern research has greatly altered our conceptions regarding this condition. The arterial pressure can be raised in two ways: firstly, by increasing the power of the myocardium, as in the case of aortic disease; secon-dly, by increasing the peripheral resistance in which case the arterioles, pre-capillaries, and capillaries bear the brunt of the pathological changes. These changes have been ascribed to a sclerotic thickening of the walls, hyaline changes in the intima, etc., but these are inconstant and often confined to limited regions, and workers have gradually been led to ascribe the primary change of a permanently raised blood-pressure to some functional condition of the arterial capillaries, all the other changes being secondary and due to wear and tear from the load placed on the cardio-vascular system. Different parts of the cardio-vascular system react differently to this load, and the brunt falls on the renal, cerebral, and coronary vessels. How these changes come about is by no means clear. Toxins, undoubtedly, are a factor in the high blood-pressure of lead poisoning, nicotine, renal disease in toxic absorption from teeth and bowels, in many cases of prostatic enlargement and endocrine and climacteric conditions. In the majority of cases, however, no toxic factor is found, and if we exclude known toxic cases, we mostly have to do with patients with a constitutional tendency to hypertonia neither cardiac nor renal in origin. This forms the largest class both of hospital patients and of those seen in private practice. The late Sir Sidney Russell Wells and myself carried out some research on this question, and we found that in nearly 40 per cent. of the cases seen by us at the National Hospital for Diseases of the Heart, no cause could be found for the high blood-pressure. In the remaining 60 per cent. there were toxic factors due to arterio-sclerosis, syphilis, diseases of metabolism, scarlet fever, or nephritis.
Whether the primary condition be due to some disturbance of the autonomic nervous system, as Kylin has suggested, or to a decreased calcium content of the blood and a choleresterimaemia leading to a thickening of membranes on the surface of the smooth muscle of the arterioles, there is evidently some factor giving rise to a condition of constant spasm, the ultimate stage of which is autolysis and necrosis of the vessel walls.
Symptoms.-There may be none for years, the condition often being discovered accidentally. The first symptoms are related to the nervous system: morning malaise, anxiety, motor unrest, irritability. Later on, attacks of giddiness often amounting to vertigo. Others complain of " far away " feelings. These are really slight apoplectic seizures angio-spastic in character and may lead to cerebral haemorrhage. Headache and decreased power of memory and concentration are common. Myocardial symptoms are precordial oppression and anginoid pains.
Though not in all cases, either of vasomotor or true angina pectoris, is there a high blood-pressure, many patients suffer from this and their attacks gradualty become more frequent. Lastly, the signs of definite renal involvement show themselves.
The signs of myocardial damage are very definite: enlargement of the heart with a heaving apex-beat, the first sound at the apex is short, the second aortic sound ringing, this means true atheromatous change. Watching these cases over a period of years we were struck by the gradual appearance of atheromatous changes in the aorta: systolic bruits at apex and base, the latter conducted into the neckvessels, pulsation in the suprasternal notch and a general broadening of the X-ray shadow.
Though it cannot be said that cerebral hemorrhage is the inevitable end, yet in a period of seven years over 13 per cent. of these patients died of true cerebral hBemorrhage. The younger the patients are when symptoms first appear, the worse is the prognosis. By taking blood-pressure curves, on Kylin's lines, we divided up our cases into two groups: those with constantly high blood-pressure, and those with a labile or inconstant high pressure with marked variations, and we found the prognosis very much worse in the constant type. These curves-which can only be constructed in hospital or clinic as they necessitate taking the blood-pressures three or four times daily-enable one to establish a mean value for the blood-pressure which is more important for prognosis and therapy than is a record of the extreme heights reached.
Treatment.-Treatment of essential high blood-pressure can only be preventive and symptomatic. Before embarking on any mode of treatment, all unfavourable factors, toxins, complications, etc., should be dealt with, and the life regulated, and it is well to realize that there are spontaneous remissions in the earlier stages, and that the most important sign of definite improvement is a lowering of the mean value of the blood-pressure. In the primary stages of unstable blood-pressure it is difficult to gauge the success of treatment of these patients who go about, apparently quite well, with blood-pressures of from 180-200 systolic, while some have spontaneous remissions which are a fallacy.
In the stage of constantly high blood-pressure, symptoms become obtrusive and demand relief. Here there is still a prospect of improvement if we can get the mean value of the blood-pressure curve down by active and persevering treatment. The chief thing' is rest, in the fresh air if possible, and early hours. Patients must from time to time be taken out of their usual environment, whether this be business, society or househ6ld cares.
Diet is of the greatest importance. A lacto-fruitarian-vegetarian diet is best, with cereals and salads, and with solids and fluids separated and avoidance of fermentation and further damage to the already burdened heart from an overloaded stomach and intestine. The diet must also stimulate peristalsis. Judicious massage may help here, and obesity must be dealt with. An occasional day or two in bed on either Karel's milk, or an exclusively fruit diet, greatly relieves both cardiac and cerebral symptoms.
Physiotherapy.-Hydroand electro-therapy, diathermy and massage are indicated. Oxygenated baths have a certain effect in lowering blood-pressure; carbon dioxide baths are perhaps better if the myocardium is weak. Both must be followed by long periods of rest in a warmed bed. Wet packs (Priesnitz compresses) right round the whole trunk are helpful when there is flatulence, discomfort or insomnia; they are better than drugs for inducing sleep.
Mercury vapour baths are said to lower the blood-pressure. Personally, I have found them disappointing in chronic arterial hypertonia. Sinusoidal four-cell-baths often relieve symptoms.
DIATHERMY.
We know that, by Joules' law, whenever the diathermy current passes through the body, deep beat is produced by the resistance of the tissues. The effect of such deep heating means a better flooding of the tissues with arterial serum, better resorption of pathological products, relief of pain and increased circulation.
Diathermy is extremely helpful in many cardiomuscular conditions. Points in Application. 1.-As in the course of this treatment certain reactive phenomena may occur, it is best to have a day or two as an interval between treatments.
2.-Pain which lasts means that we either began the treatment too soon, or that the current was too strong. Thoracic and abdominal organs do best with medium currents. " The middle of the road " is the best guide in dosage.
3.-The correct placing of electrodes is of enormous importance. 4.-Diathermy treatments through the chest should never exceed fifteen minutes in duration.
Diathermy is indicated in angiospastic conditions, and the symptom complex of intermittent claudication. Here one can safely promise relief of pain and considerable improvement, also Raynaud's disease. In the early stages of gangrene whether diabetic, arterio-sclerotic or senile, it is possible to abort the gangrene by diathermy. But diathermy for the circulation should be combined with a very thorough treatment of the lymphatics. That is to say, the lightest possible skin massage to influence the superficial ducts, followed by a vigorous vibratory treatment of the deeper lying lymphatics, including the receptaculum chyli. This is often the keynote to success in the treatment of many circulatory conditions. Even in true angina, the expression of coronary sclerosis, good may be done by diathermy, which decreases the severity and frequency of the attacks, though it does not alter the ultimate prognosis. I remember in Vienna a woman patient aged 58, a sufferer from essential hypertonia, with blood-pressure over 220, and latterly severe and frequent attacks of true angina. Diathermy was given through the chest. Symptoms, especially pain, were relieved. An hour after the sixth treatment she died. Post-mortem examination revealed the complete obstruction of a branch of the left coronary artery. Diathermy has been tried in heart blockboth bundle block and arborization block-without success. The normal electrocardiogram is not much influenced by diathermy, nor has diathermy much effect on a sub-physiological curve with low or inverted T-waves.
In hypertonia, diathermy is good in relieving symptoms, but I have seldom found that it results in a definite constant lowering of the mean value of the bloodpressure curve, or a definite change from the constant to the varying type; but most of the cases I have handled have been serious ones in the secondary stage of constant high blood-pressure.
Dr. AGNES SAVILL referring to the experiments of Bergonie and of Sloan, with high frequency currents on blood-pressure, said that the pressure was lowered, unaltered, or raised according to the degree of the response of the heart to the altered peripheral circulation. She described two cases treated by high voltage diathermy before the war, who had been watched over many years. One was a case of true angina in a man aged over 60, seen by the late Sir James Mackenzie, who had been much interested in the patient's description of the immense relief obtained by a course of auto-condensation, 350 ma. for fifteen minutes twice a week. The systolic blood-pressure had never been lowered more than from five to eight points; the pulse-rate had scarcely altered, but to the examining finger had felt stronger and fuller. In the case of x neurotic young woman, the high frequency treatment had not altered the blood-pressure or the pulse-rate; descending spiral galvanism had raised the pressure four points. Another case of high pressure, in a man aged 67, had been watched for seven years, during which the patient had had two mild " strokes " affecting the legs. He had experienced benefit from two or three courses of high voltage diathermy, applied to the legs or abdomen; if over 450 ma. were given both systolic and diastolic readings shot up as much as ten degrees. With low voltage diathermy this patient bad experienced more warmth, and the spasticity of the gait had improved more than it did with the high voltage apparatus; but the pressure readings had risen when more than 1 ampere for fifteen minutes was given.
Dr. ADOLF SCHOTT (Bad Nauheim).
Two cases of arterial hypertension with severe attacks of angina pectoris which were strikingly alike as to their clinical condition, illustrate the great individual -difference in reaction on diathermy concerning the' attacks. In the first case no method of treatment except diathermy influenced these attacks-even nitroglycerine was without any effect-diathermy, however, always checked the attacks in a short time. In the second case, nitroglycerine was the only preparation capable of checking the attacks, and in this case, diathermy, far from improving the condition, clearly tended to bring on the attacks. The blood-pressure remained unaffected in both cases. Cases in which diathermy might cause attacks of angina pectoris seemed to be rare, but the possibility should be borne in mind, therefore diathermy should only be used with great care in these cases.
Dr. E. P. CUMBERBATCH.
The distribution of the heat generated by high-frequency currents in gelatin conductors has recently been studied in my department by Dr. Simon. He found that the distribution was the same, whatever machine he used. One of the machines delivered current at a much higher voltage than the others, and the frequency ot the currents was not the same for each machine, but showed considerable differences. His findings, which were of the gross distribution of the heat, were the same for the buman body; the distribution was not influenced by the frequency or the voltage. The phrase " treatment by high-frequency " should be discarded for that of "treatment by diathermy." The former expression was used when the action of high-frequency currents was not known. All the physiological and therapeutic effects of these currents can be explained as the result of heat. Heat can be measured and dosage rendered fairly accurate. If not due to heat, or if not wholly due to heat, to what are they due ? How are we to measure or estimate dosage?
Dr. Cotton's description of the action of heat in vaso-dilatation is of great interest. The diathermy current directed through the skin, produces erythema which is, however, slight in proportion to the degree of heat. The skin can be heated to 1140 F., yet the erythema is not intense. On the other hand an intense erythema can be produced by the application of brush discharges without the temperature rising higher than that of the blood. I think, therefore, that' the increased blood-supply to the heated parts is due to acceleration of the flow, rather than to dilatation of the vessels. The acceleration may be due, perhaps, to diminution of the viscosity of the heated blood. Cumberbatch-Batten-Bauwens My experience of the effect of diathermy in cases of intermittent claudication confirms that of Dr. Cotton. Some cases are benefited; others are not. In cases of acrocyanosis I have found that diathermy had no therapeutic value. The cyanosis is replaced by a vivid erythema, but that soon disappears and the cyanosis returns.
Cases of high blood-pressure accompanying renal disease do not derive much benefit, in my experience, from general diathermv. In these cases the kidneys might be specially subjected to the treatment, for which some good results have been claimed.
All the cases of hyperpiesia that I have treated by general diathermy had already been treated on general lines. Most of them derived further benefit from general diathermy, and in a few, the blood-pressure was considerably reduced at the end of the treatment.
Cardiac diathermy is highly praised by Dr. Nagelschmidt for the treatment of angina pectoris. In this country good results have been described by Professor Hay and Dr. Dyson. It would be interesting to study the influence of cardiac diathermy on the electro-cardiographic record. Possibly it might alter the T-wave.
Dr. G. B. BATTEN said he could not agree with the dogmatic statement that whatever good was done by diathermy was due to the heat produced. We had means of measuring the heat, but at present could not estimate the effects of the ionic and molecular movements caused by high frequency and diathermy currents. No doubt when means were devised for measuring them it would be found that heat was only one, even if the chief, of the means by which they reacted on the tissues. The experiments on the permeability of tissue by high frequency currents, described a few years ago by Dr. Phillips, of Belgium, showed that the current that could be passed increased enormously by increase of number of oscillations, and, he believed, out of all proportion to the heat produced. These experiments could not be neglected.
Mr. P. BAUWENS said he would suggest an explanation for the fact that better results were apparently obtained with high voltage currents in the treatment of high blood-pressure and its symptoms.
High voltage currents were apt to produce oxides of nitrogen (nitrous oxide and nitric oxide) where corona discharges or sparks occurred. These gases, being the anhydrides of the nitrite radical, might well, on being inhaled, behave in the same way as amyl nitrite, sodiurn nitrite, etc., and thus become a factor in the lowering of high blood-pressure and the relief of its attendant symptoms.
